We exploit a natural experiment in Denmark to investigate when forced sales lead to fire sale discounts. Forced sales result from sudden deaths of house owners in an institutional environment in which beneficiaries are forced to settle the estate, and hence sell the house, within 12 months. We identify 6,329 forced sales by suddenly deceased house owners, and find that forced sales bring in lower prices than do comparable houses as the deadline winds down: We find no discounts for sales long before the deadline, and discounts of 12.5% for sales shortly before the deadline. Market conditions and the urgency of the sale also affect the average discount: Discounts are larger when house prices contract, in thin markets where demand is lower, and when the sale is more likely to be a fire sale because of financial constraints. Late fire sales are more likely when the house price is in the loss domain suggesting that disposition effects play a role in explaining discounts. We establish these results using (i) a hedonic pricing model, and (ii) the tax authorities' yearly assessments of value as benchmark for realized prices. Overall, our results characterize market conditions under which forced sales lead to fire sale discounts.
Introduction
Forced sales of assets at fire sale discounts typically occur because of bankruptcy or financial distress. Such sales are forced because the seller cannot satisfy an outstanding obligation without selling assets, and the price is discounted because the highest potential bidder may be facing financial constraints of their own and therefore be unable to buy the assets Visnhy 1992, 2011) . As a result, discounts on distressed assets are substantial. For instance, Pulvino (1998) shows that used planes sold by distressed airlines bring 10% to 20% lower prices than planes sold by unconstrained airlines. Urgent sales of distressed assets might also result in discounts : Campbell, Giglio, and Pathak (2011) show that foreclosed homes are priced 27% below the value of comparable houses.
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A natural extension of this line of work is to ask whether forced sales result in fire sale discounts when economic or financial distress is absent. If potential buyers are unaffected by the event forcing the sale, will the sale result in discounted prices? And if so, how are discounts affected by the urgency of the sale, market conditions, and financial constraints? Answering these questions is difficult because forced sales mainly result from either economic or financial distress. If forced sales are triggered by industry-wide or asset-specific adverse shocks, then both prices and demand for the assets are affected, making it difficult to isolate the direct effect of forced sales on prices from the effect of the shock.
Identifying when forced sales result in fire sale discounts requires an experiment in which a random asset independent of market conditions is forced to be sold over a short time horizon. To this end, we rely on a natural experiment in Denmark satisfying such conditions.
In this study we examine forced sales resulting from sudden deaths of house owners. The advantages of using sudden deaths in our identification strategy are threefold. First, sudden deaths provide a close to random draw of house owners which ensures that individual, as well as house, characteristics are exogenous to the sample selection procedure. Second, sales are forced because of the institutional environment. The Danish Inheritance Act of 1964 requires estates to be settled in probate court within 12 months after the death. As a result, the suddenly deceased's house is either forced to be sold or forced to be transferred to beneficiaries. Transfers of ownership within the family require that the beneficiaries can settle the estate's liabilities and incur the estate tax. Such transfers are often economically unattractive because of transaction costs, foregone cash flows, yearly property taxes, agency costs due to rent control, limited contractual freedom, and restrictive planning and zoning laws that require that houses in Denmark either are occupied or for sale. 2 Consequently, more than 90% of all houses in our sample end up being sold at arm's length. Third, forced sales due to sudden deaths are unrelated to current market conditions. This allows us to identify conditions under which forced sales occur at fire sale discounts.
Our empirical identification of estates relies on a conservative medical definition of sudden death and unique cause-of-death data from official death certificates to identify 6,854 suddenly deceased house owners during the period from 1992 to 2009. We identify the first transaction of the house following the death and focus exclusively on arm's-length transactions in which the buyer is unrelated to the deceased or the beneficiaries. We do so because transfers within the family are likely to occur at discounted prices to minimize the estate tax. Our sample of forced sales therefore consists of 6,329 arm's-length transactions, which corresponds to 0.7% out of a total of 877,559 house sales in the period from 1992 to 2010. 2 Transfers of ownership to beneficiaries can legally occur at a discount equivalent to 15% of market value of the house. Thus, the tax benefit of transferring ownership to beneficiaries equals 2.25% of the house value (= 15% discount on the price multiplied by the 15% estate tax). The net benefit is lower because property transactions are taxed. Changes to the land register are subject to a fee equivalent to DKK 1,400 (EUR 187) plus 0.6% of the house value. Most property purchases are financed by mortgages, which are subject to a mortgage deed stamp equivalent to 1.5% of the face value. Facilitation of the transfer of ownership requires legal assistance, which on average costs around DKK 8,000 (EUR 1, 070) . Finally, properties are subject to a yearly property tax (at least 1% of the property value) and municipality land tax (varies between 0.06% and 0.24% of the value of the lot).
To examine the effect of forced sales we follow a standard approach in real estate economics: we regress the logarithm of the house price on house characteristics, calendar month indicators, and municipality-year fixed effects. We find that forced sales result in an average discount of 6.6%. The discount is increasing as the deadline winds down. Sales shortly after the sudden death occur at market prices, while sales in the last three months before the deadline result in an average discount of 12.5%.
Although asking prices might decline with the time on the market, the pricing pattern suggests that time on the market cannot alone explain the estimated discount. As we benchmark to realized prices for average time on the market, one would expect to observe a premium on early forced sales and a discount on late forced sales under this alternative hypothesis. We observe, on the contrary, that early sales occur at market prices and late sales occur at deep discounts. In addition, Genesove and Mayer (1997) and Levitt and Syverson (2008) provide evidence that sellers who keep their houses on the market longer realize higher prices.
We also examine how market conditions affect the discount. We expect larger discounts when market conditions are poor because forced sales do not have the option of withdrawing the house from the market. We find a 4.4% larger discount during quarters with contracting house prices (busts), consistent with theoretical predictions in Shleifer and Vishny (1992) , where discounts result from negative industry-wide shocks. We further examine whether discounts are larger when local demand is thin. To capture local demand, we both count the number of sales within each municipality in each year and calculate the local market turnover as the number of sales divided by the number of houses in each municipality in each year. We find larger discounts in areas with fewer sales, and a small discount in the most active local markets. We also find larger discounts for houses that cater to smaller segments of potential buyers because of their size. The discount on forced sales of houses in the lowest and highest size deciles are 15.7% and 15.1%, respectively. For houses of median sizes that cater to a broad range of potential buyers, the average discount is 3.3%.
To further investigate the determinants of the forced sale discount, we identify financially constrained estates and beneficiaries for whom alternatives to selling are limited. We classify estates as insolvent if their net wealth excluding house equity is negative. For such estates, their positive net wealth is tied in the house, and the house therefore needs to be sold in order to settle liabilities and incur estate tax. As expected, forced sales of houses by insolvent estates occur at 7.7% lower prices than those of other forced sales. Similarly, we identify estates with less than DKK 50,000 in financial wealth (value of bank deposit, stocks, and bonds). These estates are financially constrained in the sense that the net wealth is tied in the house, which limits their ability to pay ongoing expenses, settle liabilities, and incur the estate tax. For estates with little financial wealth, we find an incremental discount of 7.6%. The time pattern of discounts for sales by financially constrained estates reveals substantial discounts of 5% to 10% for early sales, while sales shortly before the deadline occur at discounts of 15% to 25% for financially constrained estates.
One concern with our results is that discounts might be driven by unobserved heterogeneity in the quality of houses. Sudden deaths provide a close to random draw of houses and their owners, which limits concerns about unobserved heterogeneity, as noted by Campbell et al. (2011) . We further examine two subsamples for which such concerns are limited. The first subsample excludes sudden deaths of individuals aged 65 or above from our analysis, because quality and maintenance are expected to decline with owner age. The second subsample focuses exclusively on forced sales of houses owned by individuals who died in a traffic accident. With the latter subsample, the assumption about a random draw of property owners is more likely to be satisfied. This subsample also rules out concerns about whether discounts relate to superstition, as traffic accidents, by definition, occur outside the deceased's house. For both subsamples, we find discounts of similar magnitude. Finally, we note that the time pattern of discounts and the magnitude of the discounts also make it implausible that the discounts are related to poor quality or lack of maintenance.
Another concern relates to our ability to price houses using hedonic regressions. To overcome this issue we rely on the Danish Tax and Customs Administration's assessment of property values, which forms the basis for the annual property tax. The assessment is an estimate of the property's cash price if it were to be sold. The assessment is carried out by the local tax authorities and takes into account a wide array of house characteristics as well as local market conditions. The assessed value appears to be a valid estimate of house prices, as the average difference between assessed values and realized prices is 3.1%. Moreover, it seems reasonable to argue that the assessed house value is unbiased in relation to sudden deaths. This allows us to estimate the forced sale discount using a difference-indifferences estimate that compares the difference between the realized price and the assessed value between forced sales and non-forced sales. The difference-in-differences estimate of the forced sale discount equals 9.7%, which is larger than the estimated discount of 6.6% obtained from the hedonic regression model. Collectively, our results show that forced sales result in significant discounts. Discounts are economically significant when the sale occurs shortly before the deadline, and are larger when house prices decline and in thin markets where demand is smaller. We also find larger discounts when the sale is likely to be a fire sale either because the estate or the beneficiaries are financially constrained. Overall, the results are consistent with the theoretical predictions of Shleifer and Vishny (1992) . Our results are also consistent with Albuquerque and Schroth (2012) , who model asset sales by use of a search model. Search frictions in the housing market result in fire sale discounts when sellers are forced to find buyers over short time horizons.
The closest empirical analysis to our study is Campbell, Giglio, and Pathak (2011) , who show that forced sales of houses occur at discounts. They consider three types of forced sales related to bankruptcy, death, and foreclosure. For bankruptcy-related sales, the average discount is 3%, followed by, for deaths, 5%-7%, and, for foreclosures, 27%. The authors argue that the pricing pattern for deathrelated sales suggests that the discount may be due to poor maintenance, because the discount 1) does not depend sensitively on the timing of the sale relative to the timing of a seller's death; 2) is larger for deaths of older sellers; and 3) is larger for houses for which the structure accounts for a greater fraction of the value of the property. In contrast to Campbell, Giglio, and Pathak (2011) , we focus on forced sales that are unrelated to house characteristics and current market conditions. This allows us to characterize market conditions under which forced sales lead to fire sale discounts.
Understanding the conditions under which forced sales lead to fire sale discounts is important because fire sales and efforts to avoid them have implications for a wide range of financial and economic outcomes. For instance, fire sales affect the structure and terms of debt contracts (Shleifer and Visnhy, 1992; Benmelech, Garmaise, and Moskowitz, 2005; Bergman, 2009, 2011; Ortiz-Molina and Phillips, 2010) . Fire sales might also have spillover effects that can lead to downward spirals or cascades in asset prices and net worth of market participants (Kiyotaki and Moore, 1997; Gromb and Vayanos, 2002; Coval and Stafford, 2007; Campbell, Giglio, and Pathak, 2011) , resulting in real effects through reduced investment and output (Kiyotaki and Moore, 1997; Ivashina and Scharfstein, 2010; and Shleifer and Vishny, 2010) .
Our results raise the question of whether estate sales are optimally conducted or, alternatively, beneficiaries are making mistakes. Discounts might occur as a result either of an optimal sales strategy that has encountered bad luck or of beneficiaries setting prices that deviate from market prices. We note that bad luck cannot alone explain discounts: Late fire sales are more likely when the house price is in the loss domain suggesting that disposition effects might play a role in explaining discounts. While either explanation will result in the observed time pattern of discounts, we note the occurrence of substantial discounts for early sales by financially constrained beneficiaries and estates. These results suggest that discounts are high when sales are urgent because sellers cannot satisfy outstanding obligations without selling the asset.
Section 2 outlines empirical strategy, presents our data, and provides summary statistics. Section 3 presents the results, while Section 4 considers alternative specifications. Section 5 concludes.
Estate sales due to sudden death
We assemble a unique dataset from Denmark that allows us to identify house owners who suddenly die and to subsequently follow the sale of their houses by the estate. In addition to supplying micro-data from administrative registers, the Danish case also provides us with a legal environment in which estates have to be settled within 12 months following the death. The probate court will only in rare cases extend the liquidation period beyond 12 months. As the deadline winds down, the probate court will schedule a meeting to finally settle the estate. This meeting legally has to occur, at the latest, 3 months after the end of the liquidation period and, hence, 15 months after the death. If the deceased's house is not sold at this point, the probate court may order the house to be auctioned off.
We focus exclusively on estates where all beneficiaries are offspring (i.e., where the suddenly deceased was a widow or widower, or in rare cases, a couple). This focus simplifies the analysis, as children, according to the Danish Inheritance Law of 1964, will inherit by default the estate in proportional shares in all such cases. 4 The net worth of such estates is subject to a 15% estate tax for offspring if it exceeds DKK 191,000 (EUR 25, 638) 
Individual and family data from the official Danish Civil Registration System (CPR Registeret).
These records include the individual's personal identification number (CPR numbers); name; gender; date of birth; CPR numbers of nuclear family members (parents, siblings, and children); and the individual's marital history (number of marriages, divorces, and widowhoods). We use these data to identify all individuals' legal parents. The sample contains the entire Danish population and provides a unique identifying number across individuals, households, and time.
Income and wealth information from the official records at the Danish Tax and Customs
Administration (SKAT). This dataset contains total and disaggregated income and wealth information by CPR numbers for the entire Danish population. The tax authorities receive this information directly from the relevant sources: employers supply statements of wages paid to their employees. Financial institutions supply information on their customers' deposits, interest paid (or received), security investments, and dividends. Because taxation in Denmark mainly occurs at the source level, the income and wealth information are highly reliable. The data from the tax authorities also contain an assessment of house values, which forms the basis for the property value tax and the municipality land tax.
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The assessment is carried out every other year, and is an estimate of the property's cash price if it were to be sold. The valuation takes into account factors such as local market conditions, an array of house characteristics, and permissible alternative uses of the land. In years in which a house is not assessed by the tax authorities, the value is regulated based on the growth in local house prices in the period following the most recent assessment. As the assessment is carried out at the municipality level, it might incorporate factors that are unobserved in the data from the Housing Register. The assessment of house values by the tax authorities therefore provides us with a house-specific estimate of the expected price. Through Statistics Denmark, we have obtained access to data on income, wealth, and house valuations from 1990 to 2010.
Taken together, these data sources allow us to identify forced sales of houses, examine whether forced sales result in lower prices relative to comparable houses, and characterize market conditions under which forced sales lead to fire sale discounts.
B. Data construction
To identify forced sales, we link the data on deceased individuals to the data on house ownership and sale of houses. We focus on the house market as the markets for cottages, apartments, and condominiums in Denmark are geographically clustered and cater to specific socio-economic groups.
The house market, on the other hand, is significantly larger, covers all geographic locations, and has widespread participation by most segments of the population.
The starting point of our analysis is to identify estates. In total, we identify 208,283 estates between 1992 and 2009. Table 1 shows the individual characteristics of the decedents and their estates.
Among these estates, we identify the cause of death with the purpose of selecting a sample of estates resulting from sudden and unexpected death. To identify sudden and unexpected deaths, we follow Nielsen (2011, 2012) , who identify relevant ICD-10 codes from related medical literature combined with a thorough inspection of WHO's detailed classification system. 7 Thus, among natural deaths, we consider acute myocardial infarction (ICD-10: I21-I22), cardiac arrest (I46), congestive heart failure (I50), stroke (I60-I69), and sudden deaths by unknown causes (R95-R98) as sudden deaths.
Among unnatural deaths, we classify traffic accidents (V00-V89) and other accidents and violence (V90-V99, X00-X59, and X86-X90) unanticipated by the relatives as sudden deaths. According to this definition, 48,938 of the estates result from sudden deaths.
Among estates resulting from sudden death, we identify 6,854 estates with houses that are forced to be sold. The final step in our sample selection entails examining whether sales occur at arm's length because transfers within the family are likely to occur at discounted prices to minimize the estate tax.
Out of 6,854 estates with forced sales, 673 of the estates transfer ownership of the house to a beneficiary. Our final sample therefore includes 6,181 estates whose beneficiaries are forced to sell the house to settle the estate.
In our final sample, the deceased has net wealth of DKK 987,200 (EUR 132,500), of which property wealth contributes the majority. The deceased in the forced sale sample has significantly higher property wealth and net wealth than all estates that result from sudden death because we 7 See WHO's webpage at www.who.int/classifications/icd/en, and Andersen and Nielsen (2011) for references to the medical literature. The ICD-10 classification system was introduced in 1994. Thus, for 1992 and 1993 we rely on the ICD-8 classification system. Corresponding ICD-8 codes are: acute myocardial infarction (4101-9); cardiac arrest (4272); congestive heart failure (4270-1, 4273); stroke (430-8), sudden deaths by unknown causes (795-6); traffic accidents (800-827); and other accidents and violence (830) (831) (832) (833) (834) (835) (836) (837) (838) (839) (840) (841) (842) (843) (844) (845) (846) (847) (848) (849) .
condition on house ownership. We also note that despite our use of a medical definition of sudden deaths, the decedents in our sample are 74.2 years old, which spurs concerns about whether our analysis will be confounded by unobserved house characteristics such as maintenance. In the empirical analysis, we address this concern by focusing on i) decedents younger than 65, ii) traffic accidents, and iii) use of propensity score matching on the seller's age. Panel B of Table 2 shows the geographic distribution of house sales. Although forced sales appear to be geographically diverse, and close to the distribution of non-forced sales, the distributions are statistically different. This difference is explained by the fact that forced sales reflect the distribution of the population, while non-forced sales reflect the activeness of the local property market. The house market is more active in the Capital region and, as a result, forced sales are slightly underrepresented in this region. In the empirical analysis, geographic location is based on municipalities. (EUR 146,500). In comparison, forced sales occur at lower prices. The average price of a forced sale is DKK 959,500 (EUR 128,800). While the differences in house characteristics collectively suggest that houses owned by the suddenly deceased should be priced lower, the tax authorities' assessment of the value suggests that individual characteristics only account for a small fraction of the difference in price.
The tax authorities' assessment of value (prior to the sale) suggests that forced sales result in large discounts. The average assessed house value for forced sales is DKK 1,099,300, compared to DKK 1,126,000 for non-forced sales. If the assessed value provides an unbiased estimate of the value, we can estimate the discount on forced sales as the difference between the house price and the assessed house value relative to non-forced sales. For forced sales, the discount is equivalent to DKK 139,800 (12.7%), whereas other sales occur at prices that are DKK 33,300 (3.0%) lower than the assessed value. This yields a difference of DKK 106,500 (9.7%), which is statistically significant at the 1% level. Thus, by using the tax authorities' assessment of value prior to the transaction as benchmark, we obtain a 9.7% difference-in-differences estimate of the forced sale discount.
Empirical results

A. A model of house prices
We follow Campbell, Giglio, and Pathak (2011) and estimate the relationship between the price of houses and their characteristics using a hedonic regression, which is a standard approach in real estate economics. The main equation for estimating the forced sale discount is specified in Equation
(1), where the dependent variable is the log price, y ijt , of house i in municipality j in year t:
where α jt captures municipality-year fixed-effects, X i is a vector of house characteristics, and F i is an indicator for forced sales. House characteristics include: interior size (square meters), lot size (square meters), basement indicator, basement size (square meters), number of bathrooms, house age, house age squared, and calendar month indicators. Table 3 reports our estimates of the coefficient of house characteristics, β, and the forced sale discount, γ. We note that the coefficients on house characteristics all have the expected sign and plausible magnitudes. In Column 1, we find an estimated coefficient for the indicator for forced sales of -0.0681, corresponding to a price discount of 1-exp(-0.0681) = 6.6%.
Column 2 in Table 3 estimates the price discount conditional on the time of sale relative to the death. If the estimated discount is related to the sale being forced by the provisions in the inheritance law, we expect the discount to be larger for sales that occur close to the 12-month deadline. In Column 2, we therefore include an interaction term between the indicator for forced sale and the number of months that have passed after the death. We notice that the discount is increasing as the time to the deadline winds down. The discount increases by 0.8% per month, implying that sales that occur right after the death have a small discount, whereas sales shortly before the deadline are priced around 10.7% lower than comparable houses.
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In Column 3, we examine whether the discount is increasing as the time to the deadline winds down. We include four indicators for forced sales depending on the time lag between the death and the sale. Again, we find a much larger discount for sales that occur close to the deadline. Forced sales occurring 0-90 days (0-3 months) after the death are sold at prices identical to comparable houses. 9 The discount after 12 months is calculated as the sum of the coefficients on the forced sales indicator and the coefficient on the interaction term between forced sale and month after death: (1-exp(-0.0192)) + (1-exp(12*-0.0077) = 10.7%.
Forces sales after 91 to 180 days (3-6 months) and 181-270 days (6-9 months) have an average discount of 5.8% and 10.5%, respectively. Forced sales after 271 days (9+ months), and hence shortly before the deadline, occur at a 12.5% discount. Urgent sales lower prices, which is consistent with Mayer (1995 Mayer ( , 1998 , who studies the effect of urgent sales on prices in real estate auctions.
As mentioned in Section 2, it is possible that some sales occur more than 12 months after the death. The deadline can be extended if i) a lawyer is appointed to resolve the estate due to family disputes; ii) the probate court orders the house to be liquidated at an auction; or iii) a sale is being negotiated. 10 Out of 6,329 forced sales in our sample, 728 (11.5%) are sold more than 12 months after the death. Of these 728 sales, more than 65% are sold in the following 6 months (i.e., 12 to 18 months after the death). Only 85 (1.3%) sales occur more than 24 months after the death. In unreported regression, we have extended the specification in Column 3 of Table 3 to differentiate between the timing of sales after 9 months. Sales after 9 to 12, 12 to 15, 15 to 18, and 18+ months occur at discounts of 11.0%, 11.0%, 15.5%, and 16.5%, respectively. In comparison, the estimates in Column 3 of Table 3 for sales after 6 to 9, and after 9+ months, yield discounts of 10.5% and 12.5%, respectively.
The pricing pattern suggests that time on the market cannot alone explain the estimated discount.
If sellers gradually lower their asking prices over time, our hedonic pricing model will price houses relative to the average time on the market. If time on the market is driving the estimated time pattern, one would expect to observe a premium on early forced sales and a discount on late forced sales. We observe, on the contrary, that early sales occur at market prices and late sales occur at deep discounts.
Overall, the time pattern in columns 2 and 3 of Table 3 shows that discounts increase as the deadline winds down: forced sales close to deadlines occur at fire sale discounts.
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Formally, beneficiaries have 3 months to report the final outcome of the liquidation of the estate to the probate court. This practice stretches the deadline to 15 months if the beneficiaries can manage to schedule the appointment with the probate court at the last possible day.
B. The effect of market conditions on the forced sale discount
In the theoretical model by Shleifer and Vishny (1992) , discounts occur because the industry buyers, who are the most natural candidates for buying the asset, might themselves be financially constrained and, hence, unable to bid when the assets are being liquidated. Thus, it is natural to hypothesize that market conditions will affect the discount because forced sales do not have the option of withdrawing the house from the market. Liquidation in markets during periods with low demand should result in larger discounts, whereas the discount should be smaller in active markets. Because forced sales in our sample are exogenous to market conditions, we can directly identify the interaction between forced sale discounts and market conditions. Table 4 reports the results.
In columns 1, 2, and 3, we examine the magnitude of the forced sale discount during booms and busts. Booms are defined as quarters during which house prices increased by more than 2.5%. Busts are defined as quarters having declining house prices. In Column 1, we find that discounts are 1.9% lower during booms, and in Column 2, we find a 4.0% higher discount during busts. When we include the boom and bust effects together in Column 3, we find an average discount during booms of 5.5%, while the discount during busts averages 9.9%. Thus, discounts are 4.4% larger in busts than in booms. In Column 4, we interact the house price growth in each quarter with the forced sale indicator. Again, we find larger discounts when house prices are declining.
The large discounts in busts beg the question whether the disposition effects plays a role. If so, sales at high discounts are more likely if the house was purchased above the current market value because beneficiaries will be reluctant to sell at realistic prices. We therefore restrict the sample to houses that were purchased after 1992 and sold again in the period between 1992 and 2010. As a result the sample is reduced to 253,653 house sales of which 740 are forced. To capture the reluctance to sell at realistic prices we construct an indicator for houses that are in the loss domain. Houses are in the loss domain whenever the house was purchased at a price above the current assessment of value by the tax authorities. In total 101 out of 740 forced sales in this subsample are classified as being in the loss domain. Column 5 in Table 4 reports the results. We find an average discount of 5.2%, and an incremental discount of 18.2% for forced sales of houses in the loss domain. This suggests that the disposition effect play a role in explaining fire sales discounts.
In Column 6 of Table 4 , we examine the interaction between the local market activity and the forced sale discount. We use the total number of house sales in each municipality each year (divided by 100) to measure the level of local housing market activity. Any direct effect of market activity on prices is captured by the municipality-year fixed effect. Column 6 in Table 4 shows that the discount is larger in thin markets. In areas with few house sales per year, the average discount on forced sales equals 7.5%. As the local market becomes more active, the discount declines. The most active local market has around 950 house sales per year (thus, market activity = 9.5); here, the forced sale discount equals 2.3%. In Column 7, we interact the forced sale indicator with the local market turnover, which is defined as the number of sales over the number of houses in each municipality in each year. Again we find smaller discounts in more active local markets, whereas discounts are larger in thin local markets.
The market for houses is dominated by families whose sizes range from 2 to 4, which results in a larger demand for houses with an interior size that caters to this segment. As a result, the demand for small houses is thinner than the demand for medium-sized houses. Similarly, large houses cater to large families or wealthy families that can afford the extra space. If the forced sale discount is driven by thin demand, we expect the discounts on small and large houses to be larger than the discount on mediumsized houses. We therefore interact the forced sale indicator with indicators for each decile of the distribution of interior size. The lowest decile consists of houses with an interior size of less than 82 square meters, whereas houses in the largest deciles have an interior size of at least 180 square meters. Figure 1 summarizes the estimated forced sale discount across the distribution of house sizes. Figure 1 shows larger discounts at the lowest decile. For the smallest houses in decile 1, the discount equals 15.7%. The discount gradually declines as we move toward the middle of the distribution of interior size, and, for houses of median size in decile 5 and 6, the average discount equals 2.6%. As the interior size gets beyond the median, the forced sale discount again starts to increase. In the largest size decile, the discount equals 15.1%. The pattern in Figure 1 further bolsters our identification strategy because it is hard to reconcile the pattern with concerns about maintenance or unobserved house characteristics. Because the cost of maintenance is increasing in size, lack of maintenance cannot explain why small houses are sold at the largest discount. Overall, the pattern in Figure 1 is consistent with the hypothesis that the discount increases if the demand is thin.
C. The effect of financial constraints on the forced sale discount
Prior studies of forced sales (e.g., Pulvino 1998 and Campbell et al. 2011) show that discounts are large when the seller is financially distressed. In our setting, forced sales are unrelated to the financial conditions of the seller and the state of the economy, which allows us to separate the effect of financial constraints from market conditions. From 1996 and onward, our data include information about the financial position of estates and beneficiaries. The financial position of the estate is important because it impacts the estate's ability to pay ongoing expenses like property taxes and utility bills. If the net wealth of the estate is tied in the house, the ability to pay such expenses is limited, and the liquidity need might force the beneficiaries to sell the house earlier at a lower price. The financial position of the estate also affects the beneficiaries' ability to incur the 15% estate tax without selling the house. Our first measure of financial constraints is an indicator for whether the estate is insolvent when we exclude housing equity from the beneficiaries' net wealth.
Due to the availability of data on financial positions, we restrict the sample to house sales between 1996 and 2010. Out of the 5,324 forced sales in this period, 1,001 (18.8%) of the estates are insolvent according to our measure. Column 1 in Table 5 estimates the forced sale discount for such estates. We find a general discount of 4.8%, and an additional discount of 7.7% for forced sales by insolvent estates. Thus, houses sold by insolvent estates are priced 12.5% below comparable houses. In Column 2, we examine the effect of insolvent beneficiaries on the discount. We find a negative incremental effect of 3.6% on prices whenever all the beneficiaries are insolvent. In Column 3, we include both effects and note that discounts are driven by sales by both insolvent estates and insolvent beneficiaries.
Our second measure of financial constraints captures estates with little financial wealth. We construct an indicator variable for estates holding less than DKK 50,000 of financial wealth (the sum of bank deposits, stock, and bonds). According to this measure, 1,993 of the 5,324 (37.4%) estates are likely to face a liquidity pressure to sell. Again, we interact the indicator for financial constraints with the indicator for forced sales. Column 4 in Table 5 reports the results. We find a large discount for estates with low financial wealth, as the incremental discount equals 10.3%. In Column 5, we similarly find larger discounts when all beneficiaries have low financial wealth. The incremental effect of the discount is 5.2%. In Column 6, we include both effects, and again we note that discounts are driven by the financial position of both the estate and the beneficiaries.
In Figure 2 , we examine the time pattern of the forced sale discount for financially constrained estates. If estates or beneficiaries are financially constrained, it is likely that they will sell earlier by lowering the asking price. If so, we expect to find an even larger effect of financial constraints on the price once we control for the timing of the sales relative to the deadline. To examine the time pattern, we estimate the hedonic pricing model with indicators for the timing of the sale and interactions between these timing indicators and financially constrained estates. Figure 2 plots the estimated discount on forced sales and on forced sales by financially constrained estates and beneficiaries.
Consistent with the prediction, we note that forced sale discounts are larger for financially constrained estates and beneficiaries. Early sales occur at discounts between 5% and 10%, while sales shortly before the deadline occur at 15% to 25% discounts for financially constrained estates.
In summary, Table 5 documents that the forced sale discount is driven by financially constrained estates and beneficiaries who face a liquidity pressure. In relation to the prior literature, we note that forced sales result in fire sale discounts when the seller is financially constrained-even when forced sales are unrelated to market conditions.
Alternative specifications
In this section we address concerns related to the design of the experiment and the statistical model for house prices. We start by showing that our results are unlikely to be driven by unobserved house heterogeneity.
A. Estimating the discount using sudden death of individuals aged below 65
To address the concern that sudden death is related to the deceased's age, which in turn might correlate with unobserved house characteristics that are systematically negatively related to house prices, we estimate the forced sale discount using only sudden deaths of individuals aged below 65.
Columns 1 and 2 report the results when we exclude forced sales of houses owned by 65+ year olds.
We note that discounts are larger in this subsample, which is inconsistent with the concern that discounts are driven by unobserved house heterogeneity among older people. The larger discount in this subsample is explained by the fact that both estates and beneficiaries, on average, are more financially constrained when we restrict the age of the deceased to 65 or below.
B. Estimating the discount using forced sales due to traffic accidents
Another way to address concerns about unobserved heterogeneity in house quality-in particular, in relation to deferred maintenance-is to restrict the sample to sudden deaths due to traffic accidents.
While our reliance on sudden deaths intends to ensure that property owners are randomly selected, heart attacks and strokes might be related to a stressed work environment or physical attributes that affect an individual's decision to defer maintenance of the house. Focusing on traffic accidents effectively rules out this possibility. In total, we have 225 sales of houses owned by individuals who died in a traffic accident, and vulnerable casualties (pedestrians, cyclists, and mopeds) account for around half of the fatalities. Columns 3 and 4 report results when we use only forced sales due to traffic accidents. Again, we note that we find larger discounts than in the main analysis because estates caused by traffic accidents and their beneficiaries, on average, are younger and therefore more financially constrained.
C. Propensity score matching on seller's age
To further ascertain that unobserved house characteristics related to the seller's age are not confounding our result, we estimate the forced sale discount using a propensity score matching method. We use exact matching on municipality and year of sale as well as house age and interior size vigintiles (twenty groups of equal frequency). The propensity score is calculated based on the seller's age. Column 5 in Table 6 reports a discount of 11.2%. In Column 6 of Table 6 , we further restrict the sample to houses less than 15 years old because they require little maintenance. We find a discount of 14.7% for forced sales of newer houses.
D. Estimating the discount using the tax authorities' assessment of house values
Our empirical results derive from a hedonic regression, which is a standard regression technique in real estate economics. While this model effectively argument house prices as a function of location, time, and property characteristics, one concern is that forced sales capture a specific segment of the market. In this section we therefore examine the robustness of the results, using the Danish tax authorities' assessment of house values as the benchmark for the house price. The dependent variable is therefore the estimated discount divided by the assessed house value (see Table 2 for descriptive statistics).
Again, we notice a discount on forced sales in Column 7. The estimated coefficient indicates that forced sales occur at prices that are 10.2% lower than the prices on comparable houses. In Column 8, we estimate the time pattern of the discount: sales occurring until three months after the deaths have discounts of 5.5%, whereas sales in the last three months before the deadline sell at discounts of 13.4%.
Our simple approach of benchmarking the house price to the tax authority's assessment of value is attractive because it provides an unbiased estimate of the value of the house. By benchmarking the house price to the assessed value, we effectively control for house characteristics that are unobservable in our data but available when the tax authorities are assessing property values.
Conclusions
In this study we use a natural experiment to investigate when forced sales result in fire sale discounts. We use forced sales resulting from sudden death in an institutional environment in which estates have to be settled within 12 months after the death.
On average, forced sales result in prices that are 6.6% lower than comparable houses. If this discount is truly driven by the transaction being forced, we expect to find small discounts for early sales and larger discounts for sales shortly before the probate court's deadline. Consistent with this expectation, we find that the discount increases as the time to the deadline winds downs. Forced sales close to the deadline occur at fire sale discounts of 12.5%.
We also examine market conditions under which forced sales lead to fire sale discounts. Discounts are larger in a bust market with house price declines and when demand, either because of location or house size, is thin. We also find larger discounts when estates and beneficiaries are financially constrained. Late fire sales are more likely when the house price is in the loss domain suggesting that disposition effects play a role in explaining discounts. Overall, our results characterize market conditions under which forced sales lead to fire sale discounts. Note: We report mean (and median) house characteristics for all house sales, and sales that are classified as forced or not, respectively. Forced sales result from sudden deaths of the owner of the house. Panel A reports house characteristics:
Interior size, lot size and basement size are measured in square meters, house age is measured in years, bathroom is a count variable, and basement is an indicator variable. Panels B and C report the distribution of sales on regions and season, respectively. Panel D reports the average house price and the assessed house value from the Danish tax authorities prior to the sale. Estimated discount is the difference between the assessed house value and the realized house price. T-statistics are in square brackets. ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively. Note: The dependent variable is the log. of the house price. Forced sale is an indicator for forced sales due to sudden death. Months after death measures the difference between the time of death and the time of sales, and is measured in months. Forced sale after 0 to 90 days is an indicator for whether the forced sale occurred 0 to 90 days after the sudden death. Forced sale after 91 to 180 days is an indicator for whether the forced sale occurred 91 to 180 days after the sudden death. Forced sale after 181 to 270 days is an indicator for whether the forced sale occurred 181 to 270 days after the sudden death. Forced sale after 271 days or more is an indicator for whether the forced sale occurred 271 days or more after the sudden death. Control variables are described in Table 2 . Standard errors are reported in parentheses. ***, **, and * denote significance at the 1, 5, and 10 percent levels, respectively. Note: The dependent variable is the log. of the house price. Forced sale is an indicator for forced sales due to sudden death. Boom is an indicator for quarters in which house prices increased by 2.5% or more. Bust is an indicator for quarters having declining house prices. Loss domain takes the value one if the house was purchased at a higher price than the current assessed house value. House price growth measures the growth in house prices in the current quarter in percentage points. Local market activity counts the number of house sales in each municipality in each year divided by 100. Local market turnover measures the fraction of houses that are sold in each municipality in each year. Control variables are described in Table 2 . Standard errors are reported in parentheses. ***, **, and * denote significance at the 1, 5, and 10 percent levels, respectively. Note: The dependent variable is the log. of the house price. The sample includes all house sales from 1996 to 2010. Forced sale is an indicator for forced sales due to sudden death. Forced sale by insolvent estate is an indicator for whether the estate has negative net wealth, excluding house equity. Forced sale by insolvent beneficiary is an indicator for when all beneficiaries have negative net wealth. Forced sales by estate with low financial wealth is an indicator for whether the estate's financial wealth is lower than DKK 50,000. Forced sale by beneficiaries with low financial wealth is an indicator for whether all beneficiaries' financial wealth is lower than DKK 50,000. Standard errors are in parentheses. ***, **, and * denote significance at the 1, 5, and 10 percent levels, respectively. Note: In columns 1 to 6, the dependent variable is the log. of the house price. In columns 7 and 8, the dependent variable is the estimated discount. The estimated discount equals the realized house price minus the tax authorities' assessment of house value divided by the tax authorities' assessment of house value. Columns 1 and 2 restrict the definition of forced sales to sudden death of individuals younger than 65 years. Columns 3 and 4 restrict forced sales to traffic accidents. Columns 5 and 6 use a propensity score matching method using exact matching on municipality and year of sale, house age, and interior size vigintiles. The propensity score is calculated by the age of the seller (deceased for treated). Forced sale is an indicator for whether the property sale is forced due to sudden death. Forced sale after 0 to 90 days is an indicator for whether the forced sale occurred 0 to 90 days after the sudden death. Forced sale after 91 to 180 days is an indicator for whether the forced sale occurred 91 to 180 days after the sudden death. Forced sale after 181 to 270 days is an indicator for whether the forced sale occurred 181 to 270 days after the sudden death. Forced sale after 271 days or more is an indicator for whether the forced sale occurred 271days after the sudden death. Control variables are described in Table 2 . Standard errors are reported in parentheses. ***, **, and * denote significance at the 1, 5, and 10 percent levels, respectively. Note: This figure reports the average forced sale discount by deciles of interior size measured in square meters (m 2 ). We interact deciles of interior size with the forced sales indicator and estimate the average discounts using our hedonic pricing model. Note: This figure reports the time pattern of forced sale discount using our hedonic pricing model. Forced sale is an indicator for forced sales due to sudden death. Forced sale by insolvent estate is an indicator for whether the estate has negative net wealth, excluding house equity. Forced sale by insolvent beneficiary is an indicator for when all beneficiaries have negative net wealth. Forced sales by estate with low financial wealth is an indicator for whether the estate's financial wealth is lower than DKK 50,000. Forced sale by beneficiaries with low financial wealth is an indicator for whether all beneficiaries' financial wealth is lower than DKK 50,000. 
